A theoretical study on the transient electroosmotic flow through a slit microchannel containing a salt-free medium is presented for both constant surface charge density and constant surface potential. The exact analytical solutions for the electric potential distribution and the transient electroosmotic flow velocity are derived by solving the nonlinear Poisson-Boltzmann equation and the Navier-Stokes equation. Based on these results, a systematic parametric study on the characteristics of the transient electroosmotic flow is detailed. The general behavior of electroosmotic flow in a planar slit is similar to that in a capillary tube; however, the rate of evolution of the flow in a tube with time is faster by a factor of about 2.4 than that in a slit with its width equal to the tube diameter.
INTRODUCTION
Electrokinetic phenomena for colloidal particles such as electrophoresis [1] [2] [3] [4] [5] [6] [7] [8] [9] and electroosmosis [10] in a salt-free medium containing only counterions are quite different from those in an electrolyte solution. This difference is caused by the fact that most of the counterions are condensed in a very thin layer around the highly charged surface, which is called the counterion condensation. Typical examples of salt-free media are the nonaqueous media or electrolytefree aqueous media [3] . Aqueous polyelectrolyte dispersion can also be treated as a salt-free medium when the concentrations of hydrogen ions and hydroxide ions are much lower than the concentration of counterions dissociated from polyelectrolytes such as proteins, nucleic acids, DNA, and polyacrylic acid (PAA) [9] .
Most of the theoretical studies on electrokinetic flow in a salt-free medium are limited to the fully developed steady-state transverse flow and specifically focus on colloidal particles. However, in practical situation, the efficiency of electrophoretic separation in an electrolyte solution has been observed to strongly depend on the duration of sample injection [11] , which in turn is related to the unsteady electroosmotic flow (EOF) field [12] [13] [14] . Recently, a theoretical framework describing the transient EOF of a salt-free medium containing only counterions in a circular capillary has been developed by Chang [15] . It was found that the general behavior of transient EOF is similar to that observed in a microchannel containing an electrolyte solution [13, 14, 16] . However, the steady-state EOF significantly deviates from the typical plug flow at higher surface charge and the rate of increase in the electroosmotic mobility is strongly suppressed due to the effect of counterion condensation.
In this paper, the analysis of Chang [15] is extended to a slit microchannel containing a salt-free medium. An attempt is made to derive the exact analytical solutions for the electric potential distribution and the transient EOF velocity for both constant surface charge density and constant surface potential. No assumption is made about the elec-1 C o p y r i g h t c 2009 by ASME
